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A POLYPEPTIDE HAVING HUMAN MONOCYTE CHEMOTACTIC 
FACTOR ACTIVITY AND A DNA ENCODING SAID POLYPEPTIDE 



DETAILED EXPLANATION OF INVENTION 

This invention relates to a DNA encoding a 
5 polypeptide with hxman monocyte chemotactic factor 
activity, a polypeptide produced by a transformant cell 
transformed with an expression vector in which said DNA 
is inserted, and a process for production of said poly- 
peptide by using said transformant. 

10 Human monocyte chemotactic factor (abbreviated 

MCF hereinafter) is a physiologically active polypeptide 
which is produced from human monocytic cells stimulated 
with lipopolysaccharide (LPS), and has biological 
activity to attract monocytes or to augment the inhibi- 

15 tory effect of monocytes on tumor cell proliferation. By 
attracting monocytes and further augmenting monocyte 
activities, MCF is expected as a drug for treatment of 
certain bacterial infectious diseases or cancers. 

Drs. Kouji Matsushima and Joost J. Oppenhelm et 

20 al. of the present inventors have isolated so-called 
natural human MCF from the culture media of human mono- 
cytic leukemia cells stimulated with fifome inducers, and 
determined its partial amino acid sequence. Its 
molecular weight was estimated to be approximately 15 

25 icDa. 

The present inventors have succeeded in isola- 
tion of a cDNA encoding human MCF by depending upon the 
defined partial amino acid sequence of the natural hiiman 
MCF. A human MCF polypeptide was found to be a poly- 

30 peptide with a lower molecular weight of approximately 9 
kDa, consisting of the C-terminal 76 amino acids of its 
precursor, since the complete primary structure of its 
precursor polypeptide was established by analyzing the 
nucleotide sequence of the cloned human MCF cDNA. 

35 The present inventors attempted to express 

directly a polypeptide having human MCF activity by 
applying recombinant DNA technology using a transformant 
cell transformed with an expression vector in which the 
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above cloned DNA or its principal portion is inserted* 
Consequently^ it has been found that said polypeptide 
could be produced. 

The first object of this invention is to offer 
5 a DNA encoding a polypeptide having human MCF activity 
which consists of an amino acid sequence represented by 
the following formula [I] or its principal portion. 
Gin Pro Asp Ala lie Asn Ala Pro Val Thr 
Cys Cys Tyr Asn Phe Thr Asn Arg Lys lie 
10 Ser Val Gin Arg Leu Ala Ser Tyr Arg Arg 

lie Thr Ser Ser Lys Cys Pro Lys Glu Ala 
Val lie Phe Lys Thr He Val Ala Lys Glu 
He cys X Asp Pro Lys Gin Lys Trp Val 
Gin Asp Ser Met Asp His Leu Asp Lys Gin 
15 Thr Gin Thr Pro Lys Thr 

formula [I] 

(wherein X meeuis Ala or Thr. ) 

The second object of this invention is to offer 
a polypeptide with human MCF activity consisting of an 
20 amino acid sequence represented by the above formula [I] 
or its principal portion which can be produced by 
applying recombinant DNA technology using a host cell 
transformed with an expression vector in which said DNA 
is inserted. 

25 The third object of this invention is to offer 

a process for production of said polypeptide by applying 
recombinant DNA technology. 

Other object will be understood from the 
following descriptions. 

30 According to this invention, a polypeptide with 

human MCF activity consisting of an amino acid sequence 
represented by the formula [I] or its principal portion 
(hereinafter referred to as the "polypeptide of this 
invention* ) , can be produced by applying recombinant DNA 

35 technology using a DNA encoding a polypeptide with human 
MCF activity consisting of an amino acid sequence 
represented by the formula [I] or its principal portion 
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(referred to as the '^DNA of this invention", 
hereinafter ) . 

Among the DNA of this invention , as a 
nucleotide sequence of a DNA encoding a polypeptide 
5 consisting of an amino acid sequence represented by the 
formula [I], the DNA consisting of a nucleotide sequence 
represented by the following formula [A] (to be sometimes 
abbreviated as the ''DNA encoding human MCF'') is 
illustrated. 
1 0 CAGCCAGATGCAATCAATGCCCCAGTCACC 
TGCTGYTATAACTTCACCAATAGGAAGATC 
TCA6TGCAGAGGCTCGCGA6CTATAGAAGA 
ATCACCAGCAGCAAGT6TCCCAAAGAA6CT 
GTGATCTTCAAGACCATTGTGGCCAAGGAG 
1 5 ATCTGTRCTGACCCCAAGCAGAAGTGGGTT 
CAGGATTCCATGGACCACCTGGACAAGCAA 
ACCCAAACTCCGAAGACT 

foinnula [A] 

(wherein T means C or T, and R means G or A. ) 

20 The DNA encoding a human MCF polypeptide can be 

isolated, for example, according to the method as 
described in Example 1 and its modified method. It is 
also possible to perform the total synthesis of said DNA 
chemically. A DNA encoding the principal portion of 

25 human MCF can be produced by the methods of the cleavage 
and/or repairment of the extra region or deficient region 
of the DNA encoding human MCF such as, for example, 
digesting by an appropriate restriction enzyme and 
ligating with chemically synthesized 

30 oligodeoxyribonucleotide(s) and by the technique of site- 
directed mutagenesis (for example, Kunkel, T.A. et al.. 
Methods in Enzymol., 154 , 367-382, 1987). 

An expression vector for production of the 
polypeptide of this invention is constructed according to 

35 the technique of gene engineering and the principles of 
gene expression (for example, Maniatis, T. et al.. 
Molecular Cloning: A Laboratoary Manual. Cold Spring 
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Harbor Laboratory , 1982) by adding a translation 
initiation codon ATG to the 5 '-terminus (upstream) of the 
DNA of this invention / ligating a DNA fragment containing 
a termination codon to the 3 '-terminus (dovmstream) of 
5 the DNA having the initiation codon, connecting the 
resulting DNA with a proper promoter (e.g. trp , lac , 
phoS , PL, SV40 early promoter) and SD sequence, and then 
inserting the resulting DNA into a proper vector (e.g. 
plasmid pBR322). 

10 A nucleotide sequence from SD sequence to the 

translation initiation codon is preferably illustrated by 
formula [B] . 

5'-X'GGAGGTTTY'ATT-3' formula [B] 

wherein X ' means ( A) x , x being 1 to 5 , and Y ' means 

15 (A)y(T)z, y being 0 to 3, z being 0 or 1. 

A transformauit of this invention can be 
obtained by introducing the expression vector constructed 
as eUdove into a proper host cell, for example E. coli 
according to the method of Cohen et al. (Cohen, S.N., et 

20 al., Proc. Natl. Acad. Sci., USA, 69^, 2110, 1972). 

The polypeptide of this invention can be 
produced by cultivating the transformant of this 
invention under suitable culture conditions. The extract 
containing said polypeptide can be obtained from the 

25 culture after destroying the cells, for example by 
lysozyme digestion and freeze- thawing, sonication or by 
using a French press, followed by collection the extract 
by centrifugation or filtration. 

The polypeptide of this invention can be 

30 purified from the extract by purification methods 
characterized by combination of treatment for removing 
nucleic acids, salting -out, anion exchange 
chromatography , cation exchange chromatography , 
ultrafiltration, gel filtration, if necessary dialysis, 

35 electrophoresis, affinity chromatography using specific 
antibodies, and so on. 

Then, depending upon the host cell used and 



wo 90/07863 



PCr/US90/00040 



Other conditions, a polypeptide with Met residue due to 
the translation initiation codon at its terminus can be 
produced. It should be tinderstood that such a 
polypeptide is included within the polypeptide of this 
5 invention as long as it has human MCP activity. 

The polypeptide of this invention can be also 
produced by applying a cell-free transcription- 
translation system using said expression vector. 

The polypeptide of this invention means the 

10 polypeptide consisting of an amino acid sequence 
represented by the aforesaid formula [I] or its principal 
portion which has a certain activity of MCF activities, 
for example attracting monocytes or augmenting the 
inhibitory effect of monocytes on tumor cell 

15 proliferation. The polypeptide consisting a principal 
portion of an amino acid sequence represented by the 
formula [I] includes, for example a polypeptide 
consisting of said amino acid sequence in \irtiich the N- 
terminal one to ten amino acids or the C-terminal six 

20 amino acids are deleted. 

It should be understood that a polypeptide 
encoded in 'the allelic mutant DMA encoding human MCF and 
a principal portion of said polypeptide are included 
within the polypeptide of this invention. 

25 Furthermore, it should be understood that a 

polypeptide resulting from the adding to the N-terminus 
of the polypeptide consisting of an amino acid sequence 
represented by the formula [I], an amino acid or a 
peptide which is, for example, corresponding to a part of 

30 the C-terminal amino acid sequence of propeptide region 
in the human MCF precursor polypeptide is included within 
the polypeptide of this invention. 

The polypeptide of this invention produced by 
applying recombinant DNA technology is characterized 

35 according to the following methods. 

The molecular weight was measured by SDS- 
polyacrylamide gel electrophoretic analysis in comparison 
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of mobility with those of the molecular weight marker 
proteins (Standard Protein Kit: Pharmacia/ Sweden). 

Monocyte chemotactic activity was measured in a 
chemo taxis Boyden chamber (Neuro Probe, Inc., USA). 
5 Namely, the polypeptide of this invention was added to 
the lower chamber and human monocyte was added into the 
upper chamber • The lower and upper chambers are 
separated with a 8 micrometers pore size polycarbonate 
filter (Nucleopore, USA). After incubating the chamber 

10 at 37 ®C, the migrated cells which adhered to the lower 
surface of the filter, fixed with methanol and stained 
with Giemsa solution, were counted by microscopic 
analysis • RPHI-1640 medixim supplemented 0 .5% bovine 
serum albumin was used for dilution of the polypeptide of 

15 this invention and for incubation. 

For formulating the polypeptide of this 
invention, it is preferred to add a vehicle and a 
stabilizer to the preparation. Examples of the 
stabilizer are albumin, globulin, gelatin, protamine, 

20 protamine-salts , glucose, galactose, xylose, maxmitol, 
glucuronic acid, treharose, dextran, hydroxyethyl starch, 
nonionic surface-active agents and so on. 

For simplification of the description, the 
following abbreviations are used in the present 

25 specification and claims. 



30 



35 



Ax 


adenine 


Cj 


cytosine 


6; 


guanine 


T: 


thymine 


RNA: 


ribonucleic acid 


mRNA: 


messenger RNA 


DNA: 


deoxyribonucleic acid 


cONA: 


complementary DNA 


sscDNA: 


single-stranded cONA 


dscONA: 


double-stranded cDNA 


ATP: 


adenosine triphosphate 


dATP: 


deoxyadenosine triphosphate 
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10 



dCTP: 


deoxycytidine triphosphate 


dGTP: 


deoxyguanosine triphosphate 


dTTP: 


deoxythyjoidine triphosphate 


SD sequence: 


Shine-Dalgamo sequence 


kb: 


kilobase 


kbp: 


kilobase pairs 


bp: 


base pairs 


LPS: 


lipopolysaccharide 


EDTA: 


ethylenediaminetetraacetic acid 


DTT: 


dithiothreitol 


kDa: 


kilodaltons 


SDS: 


sodium laurylsulfate 


HOPS: 


3-N- (Morpholino )propanesul£onic 




acid 



15 The following Examples and Referential Examples 

illustrate this invention more specifically, however, it 
should be understood that the invention is in no way 
limited to these examples. 

EXAMPLE 1 

20 Cloning of DMA encoding human MCF 

Human promyelocytic leukemia' cell line, HL-60 
cell (ATCC No. CCL-240) were seeded in Petri Dishes 
(9 0x1 6mm) at a cell density of 1x10^ cells per ml. RPMI- 
1640 medium containing 10% fetal bovine serum was used as 

25 a culture medium. In the culture medixim supplemented 
with phorbol-*12-myristate«-13-acetate (PMA) and retinoic 
acid to final concentrations of 500 ng/ml and 1 
microgram/ml , respectively, the cells were cultivated in 
air containing 5% carbon dioxide at 37 ®C and a htimidity 

30 of 90 to 100%, for 2 days. After the pre-cultivation, 
the conditioned medium and non-*adhered cells were removed 
by suction. The differentiated adhered cells were 
further cultivated for 6 hours in RPlII-1640 medium 
containing 10% fetal bovine serum with LPS and 

35 cycloheximide to final concentrations of 10 micrograms /ml 
and 1 microgram/ml, respectively, under the same 
conditions as above. After the cultivation, the 
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conditioned medium was removed by suction, the cells 
adherent to the dishes were lysed and homogenized in a 6H 
guanidyl thiocyanate solution containing 0.5% sodiiim N- 
lauroyl sarcosinate, 6mH sodium citrate and O.IH 2- 
5 mercaptoethanol . The homogenate was applied to a 5.7M 
cesivun chloride solution containing O.IM EDTA, and 
centrifuged for 20 hours at 26,500 rpm using an 
ultracentrifuge (RP27-2 rotor, Hitachi Koki, Japan) to 
obtain a total RNA fraction as a pellet. The pellet was 

10 dissolved in a small amount of 7M urea solution 
containing 0.35H NaCl, 20mH Tris and 20mM EDTA, and the 
total RNA was recovered by precipitation from ethanol. 

The total RNA was dissolved in lOmM Tris-HCl 
buffer (pH 7.4) containing ImH EDTA, and the solution was 

15 heated at 65®C for 5 minutes. A NaCl solution was added 
to a final concentration of 0.511, and the solution was 
applied onto a column of oligo(dT)-*cellulo8e previously 
equilibrated with lOmM Tris^HCl buffer (pH 7.4} 
containing Imli EDTA and 0.5H NaCl. The mRNA was isolated 

20 from the column by eluting with lOmM Tris-HCl buffer (pH 
7.4) containing ImM EDTA. 

The mRNA obtained was used as a template for 
synthesizing cDNA according to the method of Gubler and 
Hoffman (Gene, 25 , 263, 1983). Six micrograms of the 

25 mRNA was dissolved in distilled water (6 micrograms/6 
microliters), and then added 0.6 microliter of lOOmM 
methylmercuric hydroxide. After standing for 10 minutes 
at room temperature, 1.8 microliters of 0.511 2- 
mercaptoethanol containing about 20 units of RNase 

30 inhibitor (RNasin: Promega, USA) to the solution. After 
standing for 5 minutes at room temperature, 32 
xoicroliters of 50mM Tris-HCl buffer (pH 8.3) containing 
lOmH magnesium chloride, 1.25mH dGTP, 1.25mM dATF, 1.25mH 
dTTP, 0.5mM dCTP, 170nM <^ ^^^P^dCTV (specific 

35 radioactivity, 6 ,000Ci/mmole) , 4 micrograms of 
oligo(dT)]^2-l8 units of reverse transcriptase 

derived from avian myeloblastosis virus (Bio-Rad Labs., 
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USA) was added to the solution/ and then incubated 42**C 
for 60 minutes. The reaction was stopped by adding 2 
microliters of 0.5M EDTA. The resulting product (sscDNA- 
mRNA hybrid) was extracted with phenol/chloroform (1:1)/ 
5 and recovered by precipitation with ethanol from the 
aqueous phase added ammonium acetate to a final 
concentration of 2.5H. 

The product (sscDNA-mRNA hybrid) was dissolved 
in 100 microliters of a second synthesis buffer 

10 [composition: 20mM Tris-HCl buffer (pH 7.5) containing 
5mM magnesium chloride, lOmM ammonium sulfate, lOOmM 
potassium chloride, O.lSmM B -nicotinamide adenine 
dinucleotide, 0.04mM dGTP, 0.04mM dATP, 0.04mM dTTP, 
0.04mM dCTP, 5 micrograms of bovine serum albumin, 1.25 

15 vmits of E. coli ribonuclease H and 24 units of E. coli 
DNA polymerase I ] . The reaction mixture was incubated at 
12®C for 60 minutes, and added 2.5 units of E. coli DNA 
ligase and fxirther incubated 22 ®C for 60 minutes. The 
reaction was stopped by adding EDTA. The reaction 

20 product (dscDNA) was extracted with phenol /chloroform 
(1:1) and recovered by precipitation ttom ethanol. 

The product (dscDNA) was dissolved in 100 
microliters of an oligo(dC) tailing buffer [composition: 
lOOmM sodium cacodylate buffer (pH 7.2) containing 2mM 

25 cobalt chloride, 0.2mM DTT, O.lxnM dCTP and 10 units of 
terminal deoxynucleotidyl transferase], and incubated at 
37**C for 30 minutes to permit the addition of oligo(dC) 
tails to the 3 '-termini of dscDNA. The reaction product 
[oligo(dC) -tailed dscDNA] was extracted with 

30 phenol /chloroform (1:1) and recovered by precipitation 
from ethanol. 

The oligo(dC) -tailed dscDNA obtained as above 
and an oligo(d6) -tailed pBR322, PstI cut (Bethesda Res. 
Labs., USA) were dissolved and mixed in an annealing 

35 buffer [composition: lOmM Tris-HCl buffer(pH 7.4) 
containing ImM EDTA and lOOmK NaCl] and incubated at 65^C 
for 10 minutes, at 57**C for 2 hours and at 45**C for 2 
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hours to perform annealing the oligo(dC) -tails to the 
oligo(dG) -tails in order to prepare recombinant double- 
stramded plasmids. 

The recombinant plasmids obtained as above were 
5 introduced into E , coli HBlOl according to the following 
method to construct human cDNA library. Namely, E . coli 
HBlOl was inoculated in L broth [composition: 1% 
tryptone, 0.5% yeast extract, 0.5% NaCl, 0.1% glucose (pH 
7.2)], and cultivated at 30®C until the turbidity at 

10 600nm reached 0.5. The culture was allowed to stand in 
an ice-water for 30 minutes, and then the cells were 
collected by centrifugation. The cells were resuspended 
in 50mH calciiun chloride and allowed to stand in an ice- 
water for 60 minutes, and then the cells were collected 

15 by centrifugation. The cells were resuspended in 50mM 
calcium chloride containing 20% glycerin. To the cell 
suspension was added the recombinant plasmid solution and 
mixed. The mixture was allowed to stand in an ice-water 
for 20 minutes and then maintained at room temperature 

20 for 10 minutes. Then, L broth was added, and cultivated 
with 8ha]cing at 37 ®C for 60 minutes. An aliquot of the 
culttire was taken , spread on L broth agar plate ( agar 
concentration: 1.5%) containing 6.25 micrograms /ml of 
tetracycline, and cultivated at 37 overnight. A human 

25 cDNA library was prepared by selecting transformants 
resistant to tetracycline. 

In order to screen the cDNA library for 
transformants which had a plasmid containing cONA 
encoding human HCF, colony hybridization assay was done 

30 according to the method of Hanahan and Meselson (Gene, 
10 , 63, 1980) using the following chemically synthesized 
oligodeoxyribonucleotide probes . 

Namely, four kinds of oligodeoxyribonucleotides 
represented by the following formulae [1] to [4] were 

35 chemically synthesized based on the defined partial amino 
acid sequence of so-called natural human HCF that 
purified from human cell line, THP-1 cells, Met-Asp-His- 
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Leu-Asp-Lys-Gln-Thr-Gln-Thr-Pro-Lys-Thr/ and they were 
used as probes. 

5 ' -ATGGAyCAYTTRGA-3 ' [ 1 ] 

5'-ATGGAYCAYCTNGA-3' [2] 
5 5'-GAYAARCARACYCA-3' [3] 

5 ' -GAYAARCARACRCA-3 ' [ 4 ] 

wherein Y means C and T, R means 6 and A, and N means T, 
C, A and G. Therefore, the probe represented by the 
formula [1] is a pool of 8 kinds of DNAs (14-mer), and 

10 each probe represented by the formulae [2] to [4] is a 
pool of 16 kinds of DNAs (14-mer). 

Each synthesized probe (100 pmole) of the above 
formulae was end-labelled with ^^p under the reaction 
conditions using Y-^^P-ATP (approximately 50 pmole: 

15 specific radioactivity, 5,000Ci/xranole) and T4 
polynucletide kinase (10 xinits). 

The human cDNA library was screened for the 
clones containing a cDNA having nucleotide sequence 
hybridizing with both the following two sets of probes, 

20 One set was a mixture of the pool probes of the formulae 
[1] and [2], and another set was a mixture of the ^pool 
probes of the formulae [3] and [4]. Colony hybridization 
was carried out under the condition of 36 ®C for 40 
hours. As a result, 35 clones were selected from about 

25 36,000 clones. The cDNAs were isolated from the first 
selected these clones, and subjected to restriction 
enzyme mapping euxalysis. It was confirmed by this 
analysis that all these cONAs contain the common 
nucleotide sequence. 

30 Nucleotide sequences of the finally selected 

three recombinant plasmids ( plasmid No • pHHCF7 , pHMCF25 
and pHMCP29) were determined by the dideoxy chain 
termination method according to the instruction manual 
(Takara Shuzo Co., Japan), by using a 7«-DEAZA sequencing 

35 kit (Takara Shuzo Co.), and pUClS and pUC19 as a cloning 
vector . 

Nucleotide sequence encoding human KCF 
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precursor and the predicted amino acid sequence from the 
nucleotide sequence are summarized in Table !• In the 
nucleotide sequence encoding human MCF precursor inserted 
into pHHCF7 and pmiCF29, the bases at the base No. 105 
5 and the bas e No . 226 shown in Table 1 were T and G , 
respectively. On the other hand, the bases at the base 
No. 105 and the base No. 226 in the nucleotide sequence 
of pHlICF25 were C and A, respectively. 

Table 1 

1 0 ATGAAAGTCTCTGCCGCCCTTCTGTGCCTG 3 0 

HetLysValSerAlaAlaLeuLeuCysLeu (10) 
CT6CTCATA6CAGCCACCTTCATTCCCCAA 6 0 
LeuLeuI leAlaAlaThrPhel leProGln (20) 
GG6CTCGCTCAGCCAGATGCAATCAAT6CC 9 0 
1 5 GlyLeuAlaGlnProAspAlalleAsnAla ( 30 ) 

CCA6TCACCTGCTG7TATAACTTCACCAAT 120 
ProValThrCysCysTyxAsnPheThrAsn ( 40 ) 
AGGAAGATCTCAGTGCAGA6GCTCGCGA6C 150 
ArgLysIleSerValGlnArgLeuAlaSer ( 50 ) 
2 0 TATAGAAGAATCACCAGCAGCAAGTGTCCC 180 

T^yrArgArglleThrSerSerLysCysPro (60) 
AAAGAAGCTGTGATCTTCAAGACCATTGTG 210 
LysGluAlaValllePheLysThrlleVal ( 70 ) 
GCCAAGGAGATCTGTRCTGACCCCAAGCAG 240 
25 AleiLysGluIleCys Z AspProLysGln (80) 

AA6TGGGTTCAGGATTCCATGGACCACCTG 270 
LysTrpValGlnAspSerHetAspHisLeu ( 90 ) 
GACAAGC2LAACCCAAACTCCGAAGACTTGA 300 
AspLysGlnThrGlnThrProLysThr * * * (99) 
30 ACACTCACTCCACAACCCAAGAATCTGCAG 330 

In Table 1, numerals represent the base 
number. Parenthesized numerals represent the amino acid 
number. *** means a translation stop codon. A 
nucleotide sequence from the base No. 1 to the base No. 
35 297 is a nucleotide sequence encoding human MCF 
precursor, and a nucleotide sequence from the base No. 70 
to the base No. 297 (corresponding to the nucleotide 
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sequence represented by the formula [A] ) is a nucleotide 
sequence encoding human HCF; Y at the base No. 105 means 
C or T, and R at the base No. 226 means G or A. An amino 
acid sequence from the amino acid No. 1 to the amino acid 
5 No. 99 is an amino acid sequence of human MCF precursor 
(corresponding to the amino acid sequence represented by 
the formula [II])/ and an amino acid sequence from the 
amino acid No. 24 to the amino acid No. 99 is an amino 
acid sequence of human MCF ( corrresponding to the amino 
10 acid sequence represented by the formula [I])« An amino 
acid (X) at the amino acid No. 76 means Ala or Thr. 

EXAMPLE 2 

Production of human MCF polypeptide 
(1) Construction of an expression plasmid 

15 PHMC076 

An expression plasmid for producing a 
polypeptide consisting of an amino acid sequence from the 
24th position to the 99th position of human MCF precursor 
polypeptide shown in Table 1, corresponding to the amino 

20 acid sequence represented by the formula [I] (wherein X 
is Ala) was constructed by the following methods. 

From the recombinant plasxoid pHMCF7 mentioned 
in Example 1, a larger DNA fragment containing the 
nucleotide sequence encoding the entire human MCF 

25 polypeptide was isolated by digestion with restriction 
endonuclease Pstl. This DNA fragment was then cloned 
into a phage vector M13mpl8 (Takara Shuzo Co.) at Pstl 
cleavage site in its polylinker sequence. By using the 
resulting recc»nbinant phage DNA, a specific nucleotide 

30 sequence being 5 ' *TTTAAATTATG-3 ' was inserted between the 
codon corresponding to Ala at the 23rd position from the 
N-terminus of human MCF precursor polypeptide and the 
codon corresponding to Gin at the 24th position, and a 
specific nucleotide sequence being 5'-T6ACTCGAG-*3' was 

35 inserted between the translation stop codon (TGA) 
connected to the codon corresponding to Thr of the C- 
terminus of said precursor polypeptide and the 3'- 
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xintramslated nucleotide sequence, by the technique of 
site-directed mutagenesis according to the method of 
Kunkel et al. (Methods in Enzymol./ 154 ^ 367, 1987). The 
site-directed mutagenesis was carried out using a Huta- 
5 Gene in vitro mutanegesis kit according to the 
instruction manual (Bio-Rad Labs,). Namely, E. coli 
JH105 was infected with the recombinant phage DNA, and 
then it was cultivated to collect the recombinant 
phage. Then, E. coli CJ236 was infected with the 

10 recombinant phage obtained as above and cultivated in 
2xTY medium [composition; 1.6% tryptone, 1% yeast 
extract, 0.5% NaCl] supplemented with uridine (1 
microgram/ml) and chloramphenicol (20 micrograms /ml) at 
37 for 5 hours. The single-stranded phage DNA 

15 containing uracils was isolated from the culture mediiam. 

Separately, two kinds of mutagenic 
oligodeoxyribonucleotide primers represented by the 
following formulae [5] and [6] were chexaically 
synthesized. 

20 5 ' -CAAG<3GCTCGCTTTTAAATTATGCAGCCAGATGC-3 ' 

formula [5] 
5 ' -CCGAAGACTTGATGACTCGAGACACTCACTCCAC-3 ' 

formula [6] 

The 5 ^-terminus of each mutagenic primer was 
25 previously phosphorylated. The phosphorylated primer was 
annealed with the single-stremded phage DNA containing 
uracils prepared as above in an eumeal buffer 
[composition: 20mM Tris-HCl buffer(pH 7.4) containing 2mM 
magnesiiim chloride and SOmM NaCl] by incubating at 70®C 
30 for 10 minutes, followed by cooling down to 30®C at a 
rate of 1**C per minute. Then, the primer was extended 
with T4 DNA polymerase in a synthesis buffer 
[composition: lOmM Tris-HCl buffer (pH 7.4) containing 
0.4mM each deoxynucleoside triphosphate (dGTP, dATP, 
35 dCTP, dTTP), 0.75mM ATP, 3.75mM magnesium chloride and 
1.5mM DTT] to synthesize a complementary strfiuid and the 
ends was ligated with T4 DNA ligase by sequential 
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incubating on ice for 5 minutes, at 25^C for 5 minutes 
and at 37^C for 90 minutes. The reaction was stopped by 
freezing at -20^C. The circular double-stranded DNA 
obtained as above was introduced into coli JM105, and 
5 they were cultivated to isolate the mutated doxible- 
stranded replicative form DNA. The nucleotide sequence 
of the mutated DNA was confirmed by sequencing (dideoxy 
method) the single-stranded DNA isolated from the culture 
medium. 

10 The resulting mutated double-stranded DNA was 

digested with restriction endonucleases Dral and Xhol in 
order to isolate a DNA fragment containing the coding 
region for human HCF polypeptide. The isolated DNA 
fragment is, hereinafter, referred to as the ''MCF(DraI- 

1 5 Xhol ) -fragment . 

Separately, an expression plasmid pEP205 as 
mentioned in Referential Example 1 was digested with 
restriction endonucleases Dral and Xhol , and the 
resulting larger DNA fragment including an amplicillin- 

20 resistance gene and a replication origin (hereinafter 
referred to as the ''EF205 vector-DNA fragment" ) was 
isolated, and this EF205 vector-DNA fragment was ligated 
by T4 DNA ligase with the 1ICF( Dral -Xhol) -fragment 
previously prepared in order to construct an expression 

25 plasmid pHMC076 for producing human MCF. 

The resulting expression plasmid pHHC076 was 
introduced into E. coli HBlOl according to the method 
mentioned in Example 1. 

E . coli HBlOl trauisformed with the expression 

30 plasmid was cultivated on the LB agar plates (agar 
concentration: 1.5%) containing 25 micrograms /ml of 
amplicillin. After cultivation at 37 overnight, 
amplicillin-resistant colonies were selected to obtain 
transformants. One of the amplicillin-resistant clones, 

35 a transformant, was neuned E. coli HB101/pHMC076 and it 
was used for producing the human MCF polypeptide 
consisting of an amino acid sequence represented by the 
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formula [I] (wherein X is Ala). 

(2) Production of human MCF polypeptide 
E . coli HB101/pHMC076 obtained as above was 
cultivated in LB broth overnight at 37 The culture 
5 was inoculated in 100-fold volumes of a nutrient medium 
[composition; 1,5% sodium phosphate, dibasic 12-water/ 
0.3% potassixim phosphate , monobasic , 0 • 1% ammonium 
chloride, 2 mg/liter vitamine Bl, 0.5% casamino acids, 
2mM magnesiim sulfate, O.lmH calcium chloride, 1% 

10 tryptone, 0.5% yeast extract, 1% HaCl and 0.4% glycerol] 
and then, 3-indoleacrylic acid was added to a final 
concentration of 20 micrograms /ml. The cultivation was 
done at 35 to 37®C for 20 to 30 hours. The cells were 
collected by centrifugation, and suspended in 50mM Tris- 

15 HCl buffer (pH 8.0) containing 0.1% lysozyme and 30mM 
NaCl. The suspension was allowed to stand in an ice- 
water for 30 minutes . Further, freezing in a 
dryice/ethanol bath and thawing at 37**C were repeated to 
disrupt the cells. After adding 1/50 volume of 10% 

20 ethyleneimine polymer, a clarified cell-extract was 
obtained by centrifugation. To this cell-extract, 
ammonium sulfate was added to a 70% saturation, and the 
formed precipitate was collected by centrifugation. The 
precipitate was dissolved in distilled water and then it 

25 is dialyzed against 5mH phosphate buffered saline (pH 
6.5). The dialysate was applied onto a column of 
Sephacryl S-200 (Pharmacia), and the fractions containing 
human MCF polypeptide were collected by judging from SDS- 
polyacrylamide gel electrophoretic analysis and monocyte 

30 chemotactic activity, and pooled. The pooled fraction 
was dialyzed against 20mH phosphate buffer (pH 6.5), and 
then the dialysate was applied onto a column of CM- 
Sepharose (Pharmacia) previously equilibrated with the 
same buffer. Human HCF polypeptide was eluted from the 

35 column with a gradient of NaCl molarity (0 to 0.5M). The 
fractions containing human MCF polypeptide were collected 
and pooled, and concentrated by ultrafiltration. 
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Further, the concentrate was subjected to gel filtration 
on Toyopearl HW-55 column (TOSOH Co., Japan) to obtain 
the purified hrman MCF polypeptide. 

(3) Production of hxunan MCF polypeptide 
5 The transfonaant (E. coli HB101/pHMC076 ) 

obtained as above was cultivated. Then the expression 
plasmid pHMC076 was isolated from the tremsf osnnant by a 
conventional manner and purified by ultracentrifugation 
to equilibrium in cesium chloride-ethidium bromide 

10 gradients (Maniatis, T. et al.. Molecular Cloning: A 
Laboratory Manual. Cold Spring Harbor Laboratory, pp75*- 
96, 1982). Hxunan MCF polypeptide was produced by using 
the above expression plasmid DNA with a Prokaryotic DNA- 
Directed Translation Kit (Code No. N.380; Amershem Intl. 

15 pic, UK). Production of a polypeptide using the 
expression plasmid and the above translation kit was done 
according to the instruction manual (Amersham Intl. pic), 
if necessary by adding a RNase inhibitor ( from human 
placenta; Amersham Intl. pic). 

20 It was confirmed by the method mentioned 

previously that the human MCF polypeptide produced as 
above showed chemotactic activity for hiunan monocytes. 

Human MCF polypeptide was pxirified by the 
methods described in above (2). 

25 Molecular weight of human MCF polypeptide was 

determined to be approximately IS^vl kDa by SDS- 
polyacrylamide gel electrophoresis. 

EXAMPLE 3 

Production of polypeptide having h\iman MCF activity 
30 Some expression plasmids for producing a 

polypeptide with human MCF activity consisting of an 
amino acid sequence in which an amino acid at the 27th 
position or the 30th position from the N- terminus of 
human MCF precursor polypeptide shown in Table 1 (wherein 
35 X is Ala) is the N-terminus, that is a polypeptide 
trxincated its N-terminal region from human MCF 
polypeptide mentioned in Example 2, were constructed. 
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Namely, from the expression plasmid pHMC076 
mentioned in Example 2, a DNA fragment containing the 
HCF(Dral-XhoI) -fragment mentioned in Example 2 was 
isolated by digestion with restriction endonucleases Spel 
5 and Sail. This DNA fragment was then cloned into a phage 
vector M13mpl9 (Takara Shuzo Co.) at a region between the 
restriction endonuclease cleavage site of Sail and that 
of Xbal in its polylinker sequence. By using the 
resulting recombinant phage DNA as a template and some 

10 mutagenic primers as shown below, a nucleotide sequence 
coding for the N-terminal amino acids of human HCF 
polypeptide was deleted from the lICF(Dral-XhoI) -fragment 
by the technique of site-directed mutagenesis mentioned 
in Example 2. The resulting deleted DNA fragment was 

15 ligated with the EP205 vector-DNA fragment mentioned in 
Example 2 to construct some expression plasmids. 

A nucleotide sequence of the mutagenic primer 
used for site-directed mutagenesis was as follows. 

In the case of constructing an expression 

20 plasmid for producing a polypeptide consisting of an 
amino acid sequence from the 27th position to the 99th 
position of human MCF precursor polypeptide shown in 
Table 1 (wherein X is Ala) (hereinafter SLbbreviated as 
the 'N3-MCF polypeptide'): 

25 5 ' -GGTTTAAATTATGGCAATCAATGCCC-3 ' 

In the case of constructing an expression 
plasmid for producing a polypeptide consisting of an 
amino acid sequence from the 30th position to the 99th 
position of human MCF precursor polypeptide (X in Table 1 

30 is Ala) (hereinafter abbreviated as the ''N6-HCF 
polypeptide" ) s 

5 ' -GGTTTAAATTATGGCCCCAGTCACCTGC-3 ' 
According to the method mentioned in Example 2, 
each mutated double-stranded replicative form DNA was 

35 prepared and isolated. Then each resulting mutated 
double-stranded DNA was digested with restriction 
endonucleases Dral and Xhol in order to isolate each DNA 
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fragment containing the coding region for the desired 
polypeptide. An expression plasmid for producing the 
desired polypeptide was constructed by ligating each of 
these DNA fragments with the EP205 vector-DNA fragment 
5 derived from an expression vector pEP205. 

An expression plasmid for producing the N3-MCF 
polypeptide was designated pHMC073, and an expression 
plasmid for producing the N6-MCF polypeptide was 
designated pHMC070. 

10 (2) Production of a polypeptide having human 

MCF activity 

The expression plasmid constructed as above was 
introduced into E> coli HBlOl according to the method 
mentioned in Example 2. Furthermore^ by cultivating the 

15 resulting transf ormant, a polypeptide with human MCF 
activity was produced according to the method mentioned 
in Example 2« 

By using the above expression plasmid, a 
polypeptide was synthesized in vitro with a Prokaryotic 

20 DNA-Directed Translation Kit (Amersham Intl. pic, UK). 
The expression plasmid was isolated by a conventional 
manner and purified by ultracentrifugation to equilibrium 
in cesium chloride-ethidium bromide gradients (Maniatis, 
T. et al.. Molecular Cloning: A Laboratory Manual. Cold 

25 Spring Harbor Laboratory, pp75-96, 1982). Production of 
a polypeptide using the expression plasmid and the above 
translation kit was done according to the instruction 
manual (Amersham Intl. pic), by using a tritium-labelled 
leucine and adding a RNase inhibitor (from human 

30 placenta; Amersham Intl. plc) into the 
transcription/ translation reaction mixture. The product 
was identified by an autoradiography of SDS- 
polyacrylamide gel elect rophoretic pattern (Laemmli, 
U.K., Nature, 227 , 680, 1970), or on the basis of 

35 biological activity. 

(3) Production of a polypeptide having human 
MCF activity 
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The trans formant obtained as above was 
cultivated and the expression plasmid was isolated 
according to the method mentioned in Example 2. 
Furthermore, by using each o£ the stbove expression 
5 plasmid, N3-MCF polypeptide and N6 -polypeptide were 
produced according to the method mentioned in Example 
2. It was confirmed that these polypeptide had 
chemotactic activity for human monocytes. 

Both molecular weights of N3-MCF polypeptide 

10 and N6-MCF polypeptide were determined to be 
approximately 12+1 kDa by SDS-*polyacrylamide gel 
electrophoresis. Since the mobility of the former 
polypeptide was a little slower than that of the latter 
polypeptide, however, the former polypeptide was somewhat 

15 higher molecular weight. 

EXAMPLE 4 

Production of polypeptide having human MCF activity 

(1) Construction of expression plasmids 

An expression plasmids for producing a 
20 polypeptide with human MCF activity consisting of an 
amino acid sequence from the 34th position to the 99th 
position of human MCF precursor polypeptide shown in 
Table 1 (wherein X is Ala) (hereinafter abbreviated as 
the 'NIO-MCF polypeptide*) was constructed according to 
25 the method mentioned in Example 2. However, a nucleotide 
sequence of the chemically synthesized mutagenic primer 
used for site-directed mutagenesis was as follows. 

5 ' -GGTTTAAATTAT6TGCTGTTATAACTTCACC-3 ' 
An expression plasmid for producing the NIO-MCF 
30 polypeptide was designated pHMC066. The expression 
plasmid (pHMC066) was introduced into E. coli HBlOl 
according to the method mentioned in Example 2 to obtain 
transf ormants . 

(2) Production of NIO-MCF polypeptides 

35 The expression plasmid (pHMC066) was isolated 

according to the method mentioned in Example 2. 
Furthermore, by using the expression plasmid, the MIO-MCF 
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polypeptide was produced according to the method 
mentioned in Example 2. It was confirmed that this poly- 
peptide had chemotactic activity for human monocytes. 

Molecular weights of the NIO-MCF polypeptide 
5 was determined to be approximately 11+1 JcDa by SDS-poly- 
acrylamide gel electrophoresis, 

REFERENTIAL EXAMPLE 1 
Construction of an expression vector pEP205 

Plasmid pBR322 was digested with restriction 
10 endonucleases Aval and PvuII, and the resulting larger 
DNA fragment (about 3.7 kbp in size) was isolated. After 
f illing-in its cohesive ends to blunt-ends with E . coli 
DNA polymerase I (Klenow fragment) in the presence of 
dGTP, dATP, dCTP and dTTP, both ends were ligated by T4 
15 OKA ligase to construct a new plasmid vector (designated 
pBRS6), which was deleted a copy number regulatory gene 
region located near the replication origin of the plasmid 
PBR322. 

The plasmid vector pBRS6 was digested with 
20 restriction endonucleases EcoR I and JPstI, and a smaller 
DMA fragment containing an upstream r^ion of the ampi- 
cillin-resistance gene (about 0.75 kbp in size) was iso- 
lated. The resulting DNA fragment is referred to as the 
*Amp (Pst I -EcoRI ) -fragment" . 
25 This Amp (Pstl-EcoRI) -fragment was cloned in a 

phage vector M13mpl8 as mentioned in Example 2. By using 
the resulting recombinant phage DNA, one base (A) in the 
nucleotide sequence of the Amp (Pstl-EcoRI) -fragment was 
changed to another base (6) by the site-directed muta- 
30 genesis according to the method as mentioned in Example 
2, in order to eliminate the specific nucleotide sequence 
(TTTAAA) recognizable with the restriction endonuclease 
Dral. 

Namely, the single-stranded phage DNA contain- 
35 ing uracils was isolated from the culture medium of E. 
coli CJ236 infected with the above recombinant phage DNA. 

As a mutagenic primer, the oligodeoxyribo- 
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nucleotide represented by the following formula [7] was 
chemically synthesized. 

5 ' -CAGAACTTTGAAAGT6CTC-3 ' formula [7] 

The phosphorylated primer was annealed with the 
5 uracil-containing DNA template. According to the method 
des cribed in Example 2 , the des ired mutated double- 
stranded DNA. was isolated. 

The resulting mutated double- stranded DNA was 
digested with restriction endonucleases PstI amd EcoR I in 

10 order to isolate a DNA fragment corresponding to the 
Amp (Pstl-EcoRI) -fragment as mentioned above, but not 
containing the restriction endonuclease Dral cleavage 
recognition sequence [hereinafter referred to as the 
"mutated Amp (PstI -EcoRI ) -fragment" ] . The mutated 

15 Amp (Pstl-EcoRI) -fragment was ligated with the larger DNA 
fragment isolated from the vector pBRS6 by digestion with 
restriction endonucleases EcoR I and PstI , in order to 
construct a new vector which was eliminated the Dral 
cleavage recognition sequence in the ampicillin 

20 resistance gene of the plasmid vector pBRS6. This new 
vector is designated pBRS601. 

Further, this new vector pBRS601 was digested 
with restriction endonuclease Dral, and the resulting 
larger DNA fragment was isolated. The larger DNA frag- 

25 ment was ligated with Smal linker (Takara Shuzo Co.) by 
T4 DNA ligase to construct a new plasmid vector. This 
resulting new plasmid vector is a derivative of plasmid 
pBRS6 and is not containing any recognition sequences for 
the restriction endonuclease Dral . This new plasmid 

30 vector is designated pBRS602. The nucleotide sequence of 
the Smal linker is shown below. 

5'-CCCGGG-3' 

Furthermore , this new vector pBRS60 2 was 
digested with restriction endonucleases Aatl l and Sail , 
35 and the resulting larger DNA fragment was isolated [here- 
inafter referred to as the *pBRS602(AatII-SalI)- 
f ragment* ] . 
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Separately, an expression plasmld pHIPH383a for 
producing human Interleukln-la as mentioned In Referen- 
tial Example 2, was digested with restriction endo- 
nucleases Aatl l and .Sail, and the resulting DNA fragment 
5 containing E. coll taryptophan promoter sequence and the 
coding region for human lnterleukln-1 was Isolated. 
This resulting DNA fragment Is referred to as the *trp 
promoter /ILla-DNA fragment". 

This trp promoter/ ILla -DNA fragment was llgated 

10 with the pBRS602(AatII-SalI) -fragment by T4 DNA llgase to 
construct a new expression plasmld. This new expression 
plasmld Is designated pEF205. 

REFERENTIAL EXAMPLE 2 
Construction of an expression plasmld pHIPH383a 

15 The cloned cDNA encoding human Inter lexxkln-l 

precursor polypeptide was Isolated according to the 
method described in European Patent Publication No. 
0188920. From the recombinant plasmld pHL4 containing 
htonan interleukin-1 cDNA (F\irutani,7. , et al.. Nucleic 

20 Acids Res., 13^, 5869, 1985), the cDNA insert was isolated 
by digestion with restriction endonucle^se PstI , and 
further digested with restriction endonucleases EcoR I and 
BstNI, to isolate a DNA fragment (about 411 bp in size) 
containing a middle portion of the coding region for the 

25 mature human interleu]cin-l a. The isolated DNA fragment 
is corresponding to the nucleotide sequence from the base 
No. 398 to the base No. 808 in Table 5 shown in European 
Patent Publication No. 0188920. 

This DNA fragment was sequentially llgated by 

30 T4 DNA llgase with chemically synthesized oligodeoxy- 
ribonucleotide adaptors represented by the following 
formulae [8] and [9]. The resulting DNA fragment is 
referred to as the *'SD-ILl-frgment" . 

The synthetic ollgodeoxyribonucleotide adaptor 

35 [8] was prepared by sequential ligation of the following 
five kinds of DNA fragments represented by formuale t*^] 
to [e]. 
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5 ' -AACTAGTACGCAAGTTCAC 

3 ' -TTGATCATGCGTTCAAGTGCATT [ a ] 

5 ' -GTAAAAGGAG6TTTAAA 

3 ' -TTCCTCCAAATTTAATAC [ b ] 

5 5 ' -TTATGTCATCACCTTTTAG 

3 ' -AGTAGTGGAAAATCGAAGG [c] 
5 ' -CTTCCTGAGCAATGTGAAATACAACTTTA 

3 ' -ACTCGTTACACTTTATGTT6AAATACTC [ d ] 

and 

10 5 ' -TGAGGATCATCAAAIACG 

3 ' -CTAGTAGTTTATGCTTAA [ e ] 

A nucleotide sequence of the formula [9] 

was as follows: 

5 ' -AGGCGTGATGACTCGA 
15 3 ' -CC6CACTACTGAGCTCTAG formula [9] 

Separately, an expression vector pEP302 
( Furutani , Y . , et al . , Nucleic Acids Res . , 13_, 5869, 
1985) was digested with restriction endonucleases Hpal 
and BaioH I, and the resulting larger DNA fragment contain- 
20 ing E . coli tryptophan promoter sequence and an ampi- 
cillin resistance gene, was isolated (hereinafter 
referred to as the ''EP302 vector-DNA fragment*). 

The EP302 vector-DNA fragment was ligated by T4 
DNA ligase with the SD-ILl -fragment prepared as above to 
25 construct an expression plasmid pHIFH383a for producing 
the mature human inter leukin- la polypeptide. 
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WHAT IS CLAIMED IS ; 

1. A DNA encoding a polypeptide with human 
monocyte chemotactic factor activity which consists of an 
amino acid sequence represented by the formula [I] or its 

5 principal portion 

Gin Pro Asp Ala lie Asn Ala Pro Val Thr 
Cys Cys Tyr Asn Phe Thr Asn Arg Lys lie 
Ser Val Gin Arg Leu Ala Ser Tyr Arg Arg 
lie Thr Ser Ser Lys Cys Pro Lys Glu Ala 
10 Val He Phe Lys Thr He Val Ala Lys Glu 

He Cys X Asp Pro Lys Gin Lys Trp Val 
Gin Asp Ser Met Asp His Leu Asp Lys Gin 
Thr Gin Thr Pro Lys Thr 

[1] 

(wherein X means Ala or Thr). 

2. A DMA deleted 24 to 33 codons from the 5'- 
terminus of a DNA encoding a human monocyte chemotactic 
factor precursor consisting of an amino acid sequence 
represented by the formula [II] of its allelic mutant DNA 

Met Lys Val Ser Ala Ala Leu Leu Cys Leu 
Leu Leu He Ala Ala Thr Phe He Pro Gin 
Gly Leu Ala Gin Pjco Asp Ala He Asn Ala * 
Pro Val Thr Cys Cys Tyr Asn Phe Thr Asn 
Arg Lys He Ser Val Gin Arg Leu Ala Ser 
Tyr Arg Arg He Thr Ser Ser Lys Cys Pro 
Lys Glu Ala Val He Phe Lys Thr He Val 
Ala Lys Glu He Cys X Asp Pro Lys Gin 
Lys Trp Val Gin Asp Ser Met Asp His Leu 
Asp Lys Gin Thr Gin Thr Pro Lys Thr 

[11] 

(wherein X means Ala or Thr) • 

3. A process for producing a polypeptide with 
hximan monocyte chemotactic factor activity which is 
characterized by using a host cell transformed with an 

35 expression vector in which a DNA shown in claim 1 is 
inserted. 

4. A process for producing a polypeptide with 



20 



25 



30 
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human monocyte chemotactic factor activity which is 
characterized by using a host cell transformed with an 
expression vector in which a DNA shown in claim 2 is 
inserted. 

5 5. A polypeptide with human monocyte chemo- 

tactic factor activity which consists of an amino acid 
sequence represented by the formula [1] shown in claim 1 
or its principal portion. 

6. A polypeptide with human monocyte chemo- 
10 tactic factor activity consisting of an amino acid 
sequence represented by the formula [I] shown in claim 1 
in which the N-terminal one to ten amino acids are 
deleted. 
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